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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a distortion correction 
characteristic by completely eliminating orthogonal errors and gain errors 
of orthogonal demodulation processing and to attain miniaturization and 
reduction in power consumption. 

SOLUTION: A distortion correction section 22 of digital radio equipment 
applies distortion correction to base band modulation signals 11, Q1, D/A 
converters 24, 25 convert them into analog signals by a sampling 
frequency Ftxsp, a power amplifier (PA) 36 amplifies the analog signals, 
which are transmitted. In this case, a part of the transmitted signal is fed 
back and demodulated to detect a distortion component produced by the 
PA 36. A distortion correction coefficient for canceling the distortion 
component is calculated, and the coefficient is multiplied by the signals 
11, Q1 to correct distortions. In this case, the digital radio equipment is 
provided with a frequency conversion section 52 that converts the fed- 
back transmitted signal into an IF signaUwith a frequency Fif, an A/D 
converter section 76, that samples the IF signal with a frequency Fsp 
(Fsp is twice Ftxsp or higher and is equal to Fif x 4/m, where m s an odd 
number that is 3 or larger) to convert an IF signal into a 2nd IF signal, a 
digital orthogonal demodulation processing section 70 that applies digital 
orthogonal demodulation processing to the 2nd IF signal to provide 
outputs of demodulation signals 14, Q4, and low-pass filters LPF 72, 74 
that extract an envelope component from the signals 14, Q4, to obtain 
signals 15, Q5 for detecting distortion components. 
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y°v>?<D&*itmmi/F s p«i Fm^tcoram/ 

F i f© 5/4 Tftfc-fe. I FtSmzttLT 

9 0° {4*i*tjinfc^ (@3fCtBlTiLfc,«) £+f 50 
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a>£>&9. WgHtttLTtetajx.tfHP (SISB) =1. H 

p mm) =oirs3£sn, sfrsn-rtK. flteflist 

i&gg&8 Ote. lWfE&ll&ffigB7 7T&tb£*u' t c^fiJc 
»£i. ffllBm^ff-gSBl 8T*J6/tm*fflP (^-X 

a*> K^iam# i , . q, ©i^ji) \zfoCTmft&& : T- 
-7)n 8fr<bm?t-m2tirz&mm&&HP (ia> t& 

(2) KftAUT«r*:&aiJiIE{$&HP <«f) 
fe^am^fT^. Z\<D&mm&&HP (St) SrflrjfBSlii 
jEgB2 2^ffi^-T5<i:<i: : tlI. X»rtt& bTitlJ§BiS&:r 

-y;P7 8^aj*T^. 

XZ ( j ) } ». (2) 
TZ (j) til -}Q (7-9) LUZ>. 

[00233 miz&mmm 2 2 «. ^sc ( 3 ) . ( 4 ) 
ic^-Tct-s^, wib;p- h^-r^x h7-<M 1 6 

ggBl 8T#«&*:«2jffiP (««Jx.tfAP 3 COSPglCS-r 
£) ClSi;TWI3«ftSiffSB8 0*^tii^-r^S«jE« 

&hp («ajA«HP3) **ih,t. mmiEztLfz^- 

-Q, (t) XHP (ffigB) - (3) 
-I, (t) XHP (dMS) ... (4) 

Ffl^ESs 1 ni£T&9. -ec0^aattit>yu >^ 
ffl 1/F s p<75 4f&<i:^:-5„ m=5W^cot€? («»J>t« 
3. 7. 9, •••) fc^T&S. OSO, (1) 

fiiJ(CttF s p/4<D^iSSc(C^KSc^«l$n^2 I F 
g^tSESfti. 0 3 1Ct5^T. tff«4fS^— rt— 
■*>7>) >7W>7)l>}!Z$:m?. Sfc, (31 
fi£#£^tr) SrSllKc^ffi-rsfeJilrJJ, FspUFt 

x s pco2ftH±i:ss^nx^&(tnafi:^&^ (§¥ 

[0 0 2 6] (3) f-f s?^;nt3S*p«aa«7 on 
a/d^&sb7 6*^ta^-rsm2 1 Fm#(C M4 

(a) (b) lc:Sc-tJ:-5&9 0 ° O&fBM^ fc^ IfflU 
(a) fC^T«kS!C, fflPll/Fsp ({&*B^9 0' (C 

mz r+ij . roj . r-u , roj ©ttfti 
coff^t^to. 4ikm^imm (4/fs P ) <&«Bg-r 

QffiiJLom^ti, 04 (b) IX^-r«kp(C IflijL o 

«*ttc*tLT9 o' ftmrnnrz (,x\zm/ui£) 
r o j . r+u, roj . r- i j ©4«liT i mm 

T«. 12 I FfI^roi-tJ->^ftlC, IfiijLoM^ 

it^ttPiffis^n. m2 i Fm^-tipifiios^scF s P 

/4©Logf (QffliJLolf^«I©JLo{i^tc5fcfLT 

9 0° &mmnrc (xam/vtz) mn) tcomnm^ 
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<bLT^-XA>K«Sllffl^I,, Q,?J<£fi££n-5. C 
IC. IfflijLoft^. QflJL o{§ft£:t>8I|BI2/F s p« 

c roj mmfi&tE-r*. 

[0 0 2 7] (4) mm (3) dfB&LfcJcptC^v? 

$unaxft»Ma3i»7 oTfi^aiiifflgsnfc^-xA 

>H*W«#I,. Q, Icte. 88F.S2/F s pfttJC roj 
mntf&tE?2><DT. MMfiiJRFgCl 2 

Wits (2) tc*tt-sA/D^tfegC7 6©7>y— y->y 10 
u>yHjft»F s v>\tmmmw>zfv >^h«rf t 

BJ»fiEl:±. n:/4-QPSKT7 ¥>?&1 4\Z$>^ 
T. i£«v>#JH>— h 1 6 k#— (32kbps) © 

iiitx-^ic^LT8m^— a— y->yj >^-c^p« 

&S52 4, 2 6©t>yj>^»ai2 8kHz 

(= 1 6 k X 8) ii^c-S. d©*^, i£{M^-^<75^& 
StMttiekHzTSSil, D/A^&gB2 4. 2 6 
<75-y->7 p 'J>y^jS»*il 2 8 kHzT'SSCi*^, 20 
■y->yj >?fem\Z£r) 6 4 kHz (= 128kHz/ 
2) W^«STOjifHi^E£»Stb^LTUSCtlC^ 
T&fr^. D/A^&gt32 4> 2 6^6tH^-r-5ft 
06 (a) iC^-r^fc^lr. M»f4(16kHz 
4kHzWStfflSS^iS 
•5. 06 (a) tdiJt^T, FW1 teD/AS!8|g|5 2 4. 
2 6 J:OtB**tl*fi^©»»ft*«S*"r. *K6 4 
kHz I8<Dl«i^$ 7 - K A -y ? fflijA/D^^aB 
7 6Ti£ff<BiJD/A£B|gB2 4, 2 6 <DV>-? U >^ 
&&i:|i^<D^&& 1 2 8 kHzT-y->yj>f Lfc* 30 

Q. K roj mntfW&Tztztto, SIISoDttP^ 
-^B64kHz (=Fsp/2) Cin« 
^-XA'>Hi^I, Q(C*fLTte6 4 kHzT*>^ 

u >>fi<rcz.£tfsimttj.2><D-?, m6 (b) ic^-r<t 

-y->y«J>^SC5|g^fi)t^ (SiftK^) «3 2 
kHz (=64kHz/2) iftt), B£tKMftl3.**l 
fc^-X/OHtMHH* I,. Q ( ^e,li32kHz~6 

4 kHz cfrsnasjsa- (0*j£gre^-f) <o&ffl*< 

^F"Jt6l::&oTL£-r. 06 (b) (Cfcl^T. FW2 40 
«. Fsp*128kHzi v^MES? 
ttM*&9ffi7 0 Tftflraf£ttflH»tttt (0-3 2 kH 

z) £«-r. seoT. sKtfiijRFSgi 2 b^ea^-r-s 

A/D^&gl$7 6 COT>y— V>zfiJ > tf W > 7 <J > 
2TO&F s p«ii<I{|iJ©-y->7 p 'J >^iS»F t x s 
p©2fg (0y*.fcf2 5 6 kH z) JW±tCtS^^nTU^c 

[0028] (5) LPF72, 7 4(1 5** ~S9)Vm. 

3z'&mmm& 7 0 (om.^mmmm-^m'btitc^mmn 1 50 
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Q.tf^F s p/2KtfF s p/4tf>ra&&fiE#£|& 

■fey hC0^SS:6^-r-5. T&to-fe. H^SSSfflJlT'^ 
■itlfcttPM^ I.. Q.tt. 0 5&tf07 (a) IC^T 
«t -5 IC^Fal 2 / F s pfttc roj «*|i:&£«7>-e, f»JA 

v^;PF I R7^MT^^tltLPF7 2. 
74ICioT. F s p/ 2 (tiSffi^ 
-*f§-Sf?lf«tiiIjI) L. 0 7 (b) (C*-r.fc5&X> 

&&&?)-m%£ti2>tzib. 05SOT7 (a) lc^f«k 
pic32Stc roj >y 
T-Sxi:. ff ^IgifflaU / 2 LPF7 2, 7 

[0 0 2 9] (6) ±IB<O3S0. LPF 7 2, 7 4TF 
s p/2©MS^^St5utl;ii5, ffi®y"- 
$'5!c#£«fre£-5#. «*e>fCF s p / 4 (Dm&WU&ft 
-5 CI t \Z «k 9 7 -f - KA -y ? D C * 7 fe y 

8S:fflUTItt^-r^.. H&&SE&8S5 2^e»tH^-T-5 I 
F«^£A/D^&S6 7 6cOA^^>> J »C- l %t5-i±.5feJ6 
IC. DCAWTXlHlgS (0^«BS) *^0 11C*-Ta^ 
IC/N'-f T XSJBE V b SriP A -5 !&g*t<& ^>*i, d CD £ # lc 

IE^tt$*L,<^k$-&SgS(C^S < , 08 (a) \Z7jk 
•?&0\ZDC-*7-ty hfiLfttfm^m&lZ^ A/DA 
^J«^ (IF«^) B^lv^VcW TXffiJEEV 
bt— Scb, ^ttiE!t#i^*^b$-ii--5SStCtt^^^: 

Vh»A/DA*l>>> ! <7)±fi!:iV'<^. V I BA/ 
DA*U>5?OTfiU^;H6*"T. A/DA*«^ (I 
Flf^) ©«*»«CfU^;i^V c j&tA-f TXSJEV b <hT— S( 
tC7i-S><i:> 08 (b) »C*-r«t^fCDC^-7feu/ 

a^wm7jX^i7 h^A«|^0 (c) (C^-r<fc5fC 
I Ffl^fig»W^icDC^7'fe-y hfi£»*tjg^ 

A/DS!&gB7 6te (IFM + DC) *-y->yj 

>^«a»F s pT7>y- y->yj >tf?z><D-e, b 

iHontlT*^? h7AHS8 (d) (c*-TJ:oic?tc0. 
^2 I Fil^fiE^(D^tCDC^-7ir-y h^^Jg^n 

r-r > ! ^;n*5^ffip«assc7 o«. 121 Ftt^^ 
a:32«pfiaa-rsis. losto2 i f«^<o^^» 

(Fsp/4) <t^L<^£^.<Dt?. ^2 I Fil^tLo 

^•«^-Xy\*>h*il^lcaP$n, DCt7t7 hfiK» 
«F s p/4ro^iK»^^tzJg^n-5. SetC, 
ia«aS(CJ:5 roj ll^fiK^^F s p/2«7)^&S:fi£» 
irst>n-s>. Z\<Dtztb. c, d^com^X^^ 
0 8 (e) iZynTJl^ Z\V>tztb. LPF72. 

7 4©aiS#ttSr0 8 (f) lC^r«k-5>(C«fiK-r-5di 
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lc<kt?T. fi£«fS$&3T3g£Lfc roj fl^»iD 

[0030] ti(ifc&i&j&mm-z\t. s«iE«»®ffla5o 

«Sx-7;UKtt«J»ifiI<hLTHP (^g)5) =1, HP 

momkr—znuztommt. Lxm^&ts z. t\z ^ 

^«S8g*W»LTS*i8«S^©A*«**Ttffc^f 
(«KO«ffPI«) i, Bi3E«*8g*S»fiE1i-rtS*lSte 
8^©A#«:*j££S.&HI13f (SiBCcD^fWlBiBf) iTig 

aftaittjEflistottatjt&s. z\<Dtztt>, mmnjjcDffl 

W£tEMWV>V)QWZ.ft\z— IMifttAIStM 

a^cDS«IE&&HP£^#f21gLLT:fc#, ^^EUSfl 
HMMBlCfcoT. «««AI3K:tt«* i EiJj&»&|*g»*;E 
U 2 Wg<D^*gIEi£ffcH P (7) "5 

ttK#«Lfc 1 SSi©SffiIE^8c£K*tb LT«ftf- 
y;PC»*at»CltCJ:oT. «4riM*P(D<g9*;!llftft 

ic*v>t fcBift^ + chip jet -s «fc ^ 

ff*HP*^i&IB1»LLT*s*, *%UffMMBK:J:? 
T. «illlftAl^lC^ffl^ ; EiJj&^rtgp^^EiJ{cS^^ 40 
75i*g&«gi<Da*t]E&&H P©3 *,<D$)MVtmzttfoV 

ft i as©M»iE«»*a«-a i/T«ftf-^n:t« 

[0 0 3 1] 0 9 \Z7jk-r&5\Z, DSP 1 0 b 

rtlC|*|gg^^ 'J 8 2£Ktt. ^SBtC^gB^^rUtLTCO 
E E P ROM (Electrically Erasable Programmable R 
0M) 8 4£igtf. iOEEPROM8 4K. 
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(API. AP2. AP3. APn) IC, &i£«Jl 
*;|/ (Fl. F2, -. Fm) iZ*H&LtttiL&. 

mm<Dnmmmm. (hp,, -hp,., hp,, -hp,.. 

-. HP., -HP..) S-^J6IB1tLT*5< < , -t LT. ;* 

fi:l^TEEPROM8 4^e«ft«S«5S*iE« 
&©£T (XKWJrjklfc) tKJMHLTrtaM^U 8 2"v 

^MJE^SfcSr^fil.hbT^T 1 — Zf)l7 8 

;*<=>»::. iiM«*«)fW»<»:#WWo«J0#7Lil[« 
2l««««C^ir*;KO«0#iLaa»Crt«^^'J 8 
2 rtro«Sfca3S<D^ffiiE^S: (HP,, -HP,.. HP,, 
-HP,.. •-. HP., -HP..) O5S0»«;i/fell 

«»»*»F2©<t$tCtt, flSM^U 8 2ft<D*fi£Lfc 
MMie^&hp,, — hp,. (HgroftSM^EU 8 2f*J<£> 

[0 0 3 2] H9»C«L/fc*Jfi*»«Trtt. 
lOOWr) . K2MM («»JA«Pia;«SgilcJ;4«S 

$#2/io©^) . •••©^•enicour. #spgco 

m^3# (API, A P 2 . A P 3 . -. APn) t". § 
3l««iftft^ir*JP (Fl, F2. -. Fm) IZttf&L 

rz&&mm<D&ffiiEm& (hp,, -hp,., hp,,~h 

P,., -. HP., -HP..) *^«>**B**'JK:ei*L 
[0 0 3 3] 09 (w^Lfc§tliSffi2l£0ilT-te. 

t>©TJ5t<, 2S««**«»-r*«IBt^r*;P«»tt 
W&Hg 05 Ufll*- ^OffitESr Jlffi L fc t> <D tC O 1>T 

K*»tttt»»fcK#Stt&«A*K:tt£Sftjfcail|jE 
«S:€:fBitLT*5#. HiSSA^PfC^SP^^U^EISS 
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15 

lit 1>T&&t-7)V 7 8 \zm&&ts£ o 

\z o v > t m m t -s z. t a< -e ^ s „ 

[0 0 3 4] 

t^^co^*] *^B^« t _kf3©«fc5l::. 7^-H/t7 
?Lfcj§<If§*§-£J13&&Fif©I Fm^lC^T-S^fflE 
Sc^tftgUi. I F«**H**FspT**fl;l.T5 ? -rS> 

-f s^imt^fctij^-r*^ i^^jm^mmmmmt. io 

tTZn-rtxy j )U? t&MffiL, A/D^&g&©-tJ- 
>7U >y^j£&Fsp£, i§fifi^£flM£f -5D/A^ 
»SgBcO-y->y»J>yS^FtxspcD2fg«±T. 
F{Ut©Jfifc&Fif©4/'m (mt4 3&Lk©iifgc) ftlc 

C©*:©, I Ft!*©**?*- 
Sft&**. tf>:/U>^Hift*Fsp©l/4©J*tt* 
1C y * > 3 > A- h $ tlfcW^Sr A/DSEfttfT?** L 

Tttj^-r^dt^-c^. s>*;n«?ttw»s«. a 20 

W 5?^l/it^lMtt3«HLtf D— AX 7 D S P 

©«tXRa**y-f >KH$rft«<i: LT3I*fIE#tt©|6]-k 

[0 0 3 5] u-nxv 4 )\,9&74i?{?)vm3&gm9B l 

t i&s ltx d - Ericas* 0 u-r «t 5 1* 

ifiX(gl8fflaTigt>n* roj «^b£ 30 
»*»il/T roj «^(fcfl-CJ:*£*iE4*tt$&fl:*Kr 

[0 0 3 6] a—/\X7 4)\,?&7 : 4-?&)l,\M.&&mj£ 
sp/4©J3&&^#£^£LTX>^D-:/j5fc#£®D 

roj «^*«-Kj:asiiiEl»tt*fl:*RFih-ratt"b 
[o 0 3 7] ^**RR»KK#sn&*a*i;:R£a 40 

m? uj r*)i<m&.mj3&3Emzmi£?z>z.iiwz> mm 
&a<ffl*©£Bfrih-r* :t*>T*s. 
[0038] mmnjj&fflw? zmmz mm lt n*t> 
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*m& u it-* <nmmiE& & s be * tb l tsuje ©»j »na 

*.fc3l::lJlJ*l,fc«#K:B:. 2ira«#©iW«i<i:2IMW»© 

[0039] mmm&&7* *;po«o»A**9»"r* 

©S*jEfM*©3 5©*0»tt»lC*fJ6:Ufc 1 licoll 
E^»£^*fflLT2ttIE©W^ffi<fc-r-5<h 31 
fiffifcftf 1 + * ;P© « 0 #x.B* K (*}SC * * »J ttft L 
«:5*liE«**Mi*mUT2*jEO»»!«[a:-r*J:5lC 

[0 0 4 0] 2l«***«iJf»-rs«|«6t?f^;p«j#(W 

S©«3^«S8tc*flt:Lfc 1 SS©21iIE^»*^^tb L 
T2«IE©«g81ffi<!:T£ title, ©9J9©*. 

tiUfira&R? 1 -*-*;!/©^ rj ^u^drtSB;*^ U *^ 
»^bfc^*iE^»c$^*-ffibT2ttIE©*3»Ifiii-r-5 

[0i] *^Hjtc«t-55 ; 'C ^^;n»iiBsa©24iiEiHi8S 

[0 2] Hl©SMjE«ft]|Cttlff2 0©A#M«^-ry 

[03] H1©A/D*«fc«7 6fc**J*7>^— 
7 , U>^©i«HJ0T»S. 

[04] 01©x-r ??*K£KIMLatt7 0©a2gtt 
iflIl:)|V»5ft«Loffl^ (f-fy^il'D-AM 

^) sstsT, (a) f4 1 fiijL omn<D&&m> 

(b) (4QfiiIL oOT©S)g0t?*4. 

[0 5] 01 ©t^ ^^;nax«»ifflagp 7 0 
iBma$nfcsis«^©is^0T*-5. 
[06] Hi©A/D*ii7 6©-y->yu>^««»: 

F s p#»D/A*ifc«52 4. 2 6©1J->7 P| J >^«&»: 
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f t x s v<D2mu±<Dm&&^tettn\itezu\,*c£ 
&mw?2>m-e* (a) \tmm^-*<Dmnm®i:*~t 
«*x^h^A, (b) te&ffly*-*<nmn#m*^ 

[H7] H1©LPF 7 2, 7 4 (Dftm^mtt Z>m 
X\ (a) teA#i£J£ (I*, Q«) , (b) HLPFI 

mnmjj&M. (c) \zm*&mwi>tz\Bi&-eLPFm 
»<o«^««*2«^Lfcia*ja[» (is, q 5 ) 

0T<&£„ 

[08] H1<^A/D««8B7 6^A^ffl"JC0a^tCAW 
7X«£E*HPA*21i:lC«k-3T*i;fcDC*7-lry MS 
MLPF 7 2, 7 4T»STSfPffltRW«HT, 

(a) ttDC*7ty MlOtJOA/DAMW 
(b) DC*7t7 hWtf><h#£>A/DA*«^i£ 
JB, (c) HDC*7t7 ht©t*0a^Ot*^ 
£h^A, (d) \tDC*7±ybm<D£Z<Db&<Dn 
JjX^h^A. (e) BDC*7tyhtOiS(D 
C djS©t*X^h5A» (f) «LPF72, 7- 
4 COL P Fa®<tf ei&it@T$5. 

0T&£ O 

[010] «*K*«t^DyirBT*S. 



18 



[012] <ficoti£^JSr*'r7 r P^^0T&^o 

10, 10a, 10b — DSP, 12, 12a, 12 
b-8fl«RF», 1 4-7c/4-QPSK77fcf>^ 

«) . 1 s-niiWcW^ 2 o -si*tiE{fc&j? m 

10 SP, 2 2-S*jE«, 2 4, 2 6-D/A^«g&, 
2 8-7^niftt£je«!», 3 0, 5 

3 4, 5 3-Affi%fiS. 3 6-PA (iA 
if«g) , 3 8 •••36rfflttttft« 1 5 0-7>ft, 
7 0--^^;Ht«*Wffl8«, 7 2, 7 4 -LP 
F (n-ytx^;^) , 7 6-A/D^&g&, 7 
7 -K&ffttHtt. 7 8 -Mfcr— 8 0 •••«» 
{XffgB, 8 2-F*jgM : E:'J, 8 4-EEPROM 
(^tUO- W) , F s p-A/D3E*«7 6 CD 

20 Ftxsp-D/A^M2 4, 2 6(D1f>yU>^ 



[01] 



3ft 



Oo 



J 4 



J 6 



ft* 



P 



SttiEttft 



li 



&MIE 



I 



LPF 



r i« 



70 



M. 0.-1.0 

-®1 



0.+UO.-1 




•12 IF 



I 



A/O 



(Fap) 



[0 3] 



[05] 



-«/Fip 



FflM* 



-nJlJl 



■ SMttftiftB (1 4. Qi) 



( 11 ) 



4*ffi2 0 0 0 -2 0 



[0 2] 



a 

41 

I 

9 



j-QPSK 



16 



J? 



ft* 



A P 2 



AP 1 



APS 



HP 3 (Iff • fftS) 



Qt 
0 



a* 



80 

-78 



tttfa 



^77 



•li 
•Qi 



(a) I mi oflt 



[04] 
^/1/F.p 



(b)QILo(tf 0 

- 1 



[06] 



32 



64 



FW1 

(b)««*-*{D«4M»* 



128 (KHz) 
(Ftx«p) 



















1 — 



32 



64 



128 (KHz) 
(Futp) 



[0 11] 



46 



^2 



^A 8 



A/D 



KED- 



(I) 



( U Q«) 



(b) 



tttAJttJB 



(c) 



(U Qi) 



[0 7] 





Fft# 




( 12 ) 
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[08] 



[0 9] 



Vh • 



0v • 
Vh- 



(b) (DCt7t,HT> 



VI • 



Vb 



(e) 



cocm»nr> 



DC 



Flf 



-waft 



(d) 



(ocm,nr> 



DC 



F«p/4 



16; (ocm,nr> 



DC 



(f)L P F4ttt 



F«p/4 



LPFaa«tt 



Ftp/2 



DC F»p/4 



F«p/2 



st 

m 
* 



1B 









API 


HPnCfttt • M) 


AP 2 




• 




APn 


HP„CX« • 



act 

31* 



—78 



lift 



-77 



-It 
-Qi 



* 








F 1 


F 2 




F m 


F 1 


F 2 




F m 


API 


m% 


HP* 




HP* 


HPn 


HPt, 




HP* 


A P 2 


HP«i 


HPn 




HP* 


HP.: 


HPn 




HP* 




















APn 




HP* 


• • » 


HP„ 


HP,. 


HPt, 




HP* 



E E P ROM 



B4 



im i o] 
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F*-A(##) 5J090 AA01 AA41 CA21 CA27 FA17 

GN02 GN05 GN06 HN08 HN17 

KA32 KA34 KA42 KA55 MA11 

NN16 SA14 TA01 TA03 TA06 

5K004 AA05 FA06 FE10 FF01 FF05 



